ABSTRACT The impacts of climate change in any city are obviously influenced by the quality of its housing and other buildings, its infrastructure and services. These were not built with climate change risks in mind, although they were influenced by environmental health risks that were present when they were constructed (including those from extreme weather) and often by responses to past disasters. Well-governed cities that have greatly reduced these risks have accumulated resilience to the climate change impacts that exacerbate (or will exacerbate) these risks. In so doing, they have also developed the social, political, financial and institutional structures that provide the basis for addressing these and other risks. These structures were developed through social, environmental and political reforms, driven by such factors as democracy, decentralization and strong social movements representing the needs of those with limited incomes, or other factors associated with vulnerability. These "bottom-up" pressures from citizens and civil society on national and city governments are critical for developing the institutions and measures to reduce climate change-related risks (especially for those most at risk) and to support resilience.
I. INTRODUCTION: HOW DO WE USE THE TERM RESILIENCE?
The idea of resilience is attractive to many sectors in that is implies a capacity to resist or cope with stress or threats (even if unanticipated) and remain unharmed. So within discussions of development, disaster risk and climate change, resilience has come to be applied to a great range of contexts -for instance to individuals, households and communities (and their knowledge, assets and livelihoods), to cities (or specific sectors within city economies) and to national economies. Resilience in the context of climate change and cities is usually taken to mean the capacity of a city to absorb climate change-related disturbances/shocks while retaining the same basic structure and ways of functioning. So it includes a capacity to resist these shocks and to recover. It may also include the capacity to recover in ways that reduce risks from future shocks.
There is much abstract discussion about what creates or contributes to resilience and the institutional or governance structures that underpin it. But when considering a specific city, the task becomes more immediate and real and more focused on who or what is resilient. Will the storm and surface water drains cope with the next storm (a particularly pressing issue for cities that have heavy rainfall concentrated in particular seasons)? Will the building stock be undamaged by storms? Will measures to help those most at risk from high temperatures be effective during heat waves and reach all high-risk groups? These are also issues that require attention in each district of a city, especially where there are large differentials between districts in the quality of the housing, the safety of the site, and what might be termed "risk-reducing" infrastructure (piped water, sewers, drains, all-weather roads, electricity…).
The interest in processes that build resilience in cities, or in particular groups in cities, can draw from their social histories. For instance, in London much of the innovation in environmental and public health, housing, infrastructure, social services and governance over the last 180 years has increased the resilience of Londoners -not only to extreme weather but also to disease, many physical hazards (including fires) and economic change. William Solecki's 2012 paper on urban environmental challenges and climate change action in New York
(1) included a discussion of how different environmental crises over the last 220 years (lack of stable supply of drinking water, lack of open space, waste accumulation on streets, congestion, pollution...) stimulated responses. The case study of the city of Rosario in Argentina in this issue of the Journal (2) shows how the city has become more resilient to climate change impacts as a result of government measures to reduce long-standing risks from flooding, improve housing conditions, increase public space and improve health care (and who has access to it); these measures were not in response to climate change, but they build both the physical and the institutional underpinnings of resilience to such change. Of relevance to this discussion is how the term resilience has come to be used. Is it used in ways that focus on natural systems that leave out human systems with their complex power relations and the ways in which risk and vulnerability are so often socially constructed? (3) Resilience includes the ability to withstand shocks and stresses (and so avoid their impact); the ability to recover from their impact (what is sometimes termed "bouncing back"); and the ability to bounce back in ways that reduce future risks. Here, resilience is not so much a property of buildings and infrastructure but the capacities of households, communities and local governments to act (even as this includes making buildings and infrastructure more resilient). Thus, it is built by a supporting institutional structure that responds as risks and circumstances change, as new information is received and as learning takes place.
(4) This is evident in the UN−ISDR Making Cities Resilient campaign, as it focuses on the role of local governments and civil society in building resilience to disasters.
(5) Of course, there are impacts for which there is no bounce back -as in the case of deaths and serious injuries from disasters. This, in part, is recognized by the UN Framework Convention on Climate Change in the "loss and damage" that results from outcomes of climate change that cannot be adapted to.
When resilience to climate change is considered for urban areas, it means taking into account each possible climate change impact (for instance, resilience to freshwater constraints is not the same as resilience to extreme winds or heat waves) and whether the urban area or district in question can absorb each impact while retaining its structure and ways of functioning. This obviously requires a focus on the physical aspects -buildings and infrastructure. It also requires a focus on resilience at different scales (individuals, households, neighbourhoods, urban centres) and for different groups within the city (enterprises, civil society, government and other institutions). It also requires a concern for all the multiple interconnections that exist between these in cities. A concern for resilience applied to cities helps to get attention to cities as complex systems (6) and to the larger (economic, political and ecological) systems of which they are part. So a focus on resilience for urban centres requires a focus on resource availability beyond the urban boundaries that are essential for populations and/or enterprises. It may require coordinated actions by institutions from other jurisdictions (for instance, the management of watersheds to reduce flood risks that are outside city boundaries and jurisdictions (7) ). If the data were available to construct an indicator of an urban area's resilience to climate change, it would need to take into account where and how risks change (including an exacerbation or change of existing risks, and new risks); where vulnerable populations, enterprises and institutions are already concentrated (or not); where these have a capacity to cope with changing risks; and where there is capacity to adapt so that this adaptation also reduces future risk. In some aspects, resilience can be seen as the opposite of vulnerability, but it also pushes us to see and act on risk and vulnerability or their underpinnings within the larger systems in which they are embedded. In addition, vulnerability is more often discussed in relation to particular groups of people within the population, whereas resilience is more often discussed in relation to urban centres. Discussions on vulnerability may also focus on particular risks, when resilience focuses on conditions that reduce a range of risks.
II. ACCUMULATED RESILIENCE
Most cities in high-income nations are resilient to many of the direct and indirect impacts of climate change. This resilience is independent of any climate change adaptation measures because it was built to risks that are (or were) present independent of climate change but that climate change will exacerbate. An urban centre's resilience to climate change, in other words, is much influenced by its resilience to the kinds of stresses and shocks that have been experienced in the past. If these include stresses that are similar to those that climate change is bringing, then it may already have developed (or accumulated) considerable resilience to them.
Thus, the first aspect of any analysis of an urban centre's resilience to climate change is an analysis of its resilience to those familiar stresses or shocks that climate change is likely to exacerbate -for instance, an increase in the intensity of extreme weather events. Here, in reviewing different cities, we are faced with very large differences in how resilient they are to extreme weather. Note, for instance, the 20-fold difference in mortality between the Philippines and Japan when hit by a typhoon of the same intensity -the result of differences in the resilience of the building stock and infrastructure and in the effectiveness of government in developing resilience. (8) In Ibadan (Nigeria), a relatively small increase in the intensity of windstorms caused very considerable damage to the building stock in the traditional core of the city; (9) windstorms of similar intensity in cities in high-income nations would be unlikely to cause much damage. More importantly, it is not the absolute wind speed but, rather, the fact that it has increased that means that buildings that were "resilient" to the established climatic regime may cease to be so in the context of changes in climate.
Cities in high-income nations and many in middle-income nations have become far more resilient to extreme weather (and most other potential catalysts for disasters) through a great range of measures that have been taken in response to local risks and to the political processes that demanded responses. What is already built and the financial and institutional underpinnings that influence this result in considerable accumulated resilience. The factors that strongly influence this resilience to extreme weather include the following:
Quality of buildings: homes and workplaces -this is in great part reliant on building standards that ensure that buildings are unaffected by extreme weather; also standards for the health and comfort of occupants, including sufficient space, provision for heating or cooling, and ventilation.
Provision for infrastructure to which residents have access independent of income -including storm and surface drainage systems, all-weather paved roads and paths, and street lighting. (The proportion of the population served by these features varies from 100 per cent to only a few per cent in different urban centres.)
Provision for services that are paid for -including public transport, piped treated water, sanitation, solid waste collection, electricity (and the larger infrastructure networks on which these depend).
Provision for services available independent of incomeincluding health care, education, street cleaning, emergency services (for fire, acute illness/injury, crime), policing/rule of law, being able to vote for city politicians, access to these politicians, civil servants or ombudsmen, and recourse to the courts if need be. The costs are generally covered by taxation, although in some cities people pay for some of these services.
Early warning systems for extreme weather; public response measures to extreme risks (e.g. plans and capacity to implement evacuation); expectation of provision for needs of residents if they are impacted by a disaster.
Whether residents' incomes are sufficient to invest in resilience -allowing them to afford healthy and safe homes, life insurance, insurance for homes and possessions, savings, pensions, the ownership of relevant assets. (It should be acknowledged, too, that insurance may have the effect of reducing people's efforts towards resilience.)
What safety nets are available if income is insufficientincluding social security, cash transfers and pensions.
The regulatory framework for ensuring that measures for resilience are applied -for instance, through building and infrastructure standards; controls on developments in high-risk areas (and more generally risk-reducing land use planning and management that includes a recognition of the role in this of ecosystem services); standards for working conditions; and provision for consumer protection.
All these factors contribute to resilience that serves individuals, households, neighbourhoods and enterprises and that has accumulated over time, much of it driven by national and local governments responding to citizen and civil society demands over the last two centuries. The origins of this accumulated resilience may be seen in measures taken to improve provision for water and then sanitation at a city scale and to introduce building regulations to reduce fire risks. High levels of accumulated resilience are obviously associated with cities in high-income nations, although there are considerable differences in the extent of their resilience, which relates to differences in the orientations and frameworks of national and local governments (and to past disasters). There are also cities in middle-income nations that have considerable accumulated resilience. Serious extreme weather disasters can shake professional attitudes and political systems and result in more attention to this issue.
In urban centres with accumulated resilience, it is usually local governments that were responsible for most of the factors contributing to the resilience − although within very different systems in terms of the roles taken by local government (in planning, provision and financing) and the nature of local government relationships with higher levels of government. Many of the innovations and initiatives by local government also depended on changes at the national level -for instance, in legislation and in financial support for local government investments (although political change at the national level was also in part driven by political pressure from urban dwellers and innovation by city governments). Private companies or non-profit institutions may provide some of the key services, and private companies may have key roles in the provision and, often, maintenance of infrastructure, but the framework for provision and quality control is provided by local government. The quality, capacity and accountability of a city government, which also includes attention to risks to low-income groups, is an important part of resilience -as it is more likely than higher levels of government to understand and act on local circumstances and has a more immediate link with citizens, including those facing higher risks.
A city's accumulated resilience can be assessed for the extent to which it has reduced hazards, (10) risk and exposure, with particular attention to how this serves or protects vulnerable groups (those who are most sensitive to the risks and those lacking the capacity to cope and adapt). One of the tests of the effectiveness of all the above is whether it provides resilience for those with limited incomes, chronic illnesses and disabilities. Such an assessment can then move to assessing the system components and interactions that underpin this resilience and to considering how well this "accumulated resilience" is serving or will serve climate change adaptation.
III. RESILIENCE TO CLIMATE CHANGE
Although the provisions outlined above were seldom or never made in response to risks from climate change, the web of institutions, finances and regulations that made these provisions possible also provides a base for climate change adaptation (and more broadly for resilience). The fact that building and infrastructure standards are applied means that these can be adjusted if necessary to accommodate new risks or risk levels. For instance, storm and surface water drainage systems can be upgraded. Future resilience requires measures (and standards) that are affordable to low-income groups -for instance, the support in Cuba for incrementally 10. Of course not all hazards can be reduced.
constructed houses that include at least one core "safe" room that can withstand hurricanes. Existing service provision can also be adjusted for new risks or risk levels (for instance, with measures to reach populations vulnerable to heat stress during heat waves and within heat islands). City planning and land use management can be adjusted to any new or heightened risk, for instance by keeping new development and city expansion away from areas facing high levels of risk at present and in the near future, and can build on long experiences of town planners in modifying urban micro climates.
(11) This can be supported by changes in private sector investments (over time shifting from high-risk areas) and changes in insurance premiums and cover.
Thus the web of local institutions and the buildings, infrastructure and services that have developed in response to non-climate change risks provide a foundation for developing resilience to climate change. They provide the capacity to absorb climate change-related disturbances, direct and indirect, while retaining the same basic structure and ways of functioning. Whether these systems will be able to respond effectively depends on whether this is promoted by the demands of inhabitants and their capacity to organize, whether city and municipal governments respond, and on the learning capacity of the institutions and their complex interrelationships. Obviously, the extent to which resilience can be effective also depends on global agreements reached on climate change mitigation that slow and stop global warming. It also depends on the scale of the shocks; New York is a wealthy city with much accumulated resilience and a city government that has innovated in disaster risk reduction and climate change adaptation, (12) yet it was devastated by Hurricane Sandy.
So one of the key issues is whether all levels of government use their "accumulated" resilience (both in the built environment and in institutional/governance capacities) as the foundation to address the new or increased hazards and risks that climate change is bringing or will bring. Many cities that have accumulated resilience may not act on these changes. The political pressures that resulted in accumulated resilience were mostly citizen and civil society demands that focused primarily on their own immediate needs and priorities. Will these citizen and civil society pressures now also press for the measures needed for greater resilience to climate change? Perhaps so, if they are convinced that climate change clearly impacts (or will impact) their homes, neighbourhoods and cities. But what about citizen and civil society pressure for climate change mitigation? Here, the issue is whether the institutions and political pressures that built the accumulated resilience will shift to resilience as a process -responding dynamically and effectively to evolving and changing climate change-related risks and to evolving and changing knowledge bases for this. Not all climate change risks are reduced by the resilience that has accumulated over time − for instance, potential disruptions to resource flows or the risks from sea level rise; or it may be that the actions needed for resilience are outside the jurisdiction of the cities in question.
(13) Some recent disasters have shown what disruption they can cause to enterprises all around the world, as the supply of particular components or services these rely on is disrupted. (14) Cities need system-wide resilience. Jo da Silva gives the example of an automobile factory in Turkey that paid attention to earthquake risk reduction, so that its plant was not damaged by a large earthquake 11. Hebbert, Michael and Vladimir Jankovic (2013) disaster -but production was disrupted for several weeks because most of the workforce lived in housing that had collapsed or had been badly damaged. (15) What does all of this mean for urban centres in low-and middleincome nations? Many cities have very large backlogs in "risk-reducing" infrastructure and in the institutions that are meant to address this − the very opposite of accumulated resilience. Perhaps it might be termed "accumulated vulnerability". This is especially the case for the high proportion of low-income groups that live in informal settlements, mostly in housing of poor quality and often on sites at high risk from extreme weather. Around one in seven of the world's population lives in informal settlements.
(16) In a high percentage of cities in low-and middleincome nations, one-third or more of the population lives in informal settlements; many have much higher proportions, for instance more than 70 per cent in Dar es Salaam.
(17) Many large cities and most small cities in sub-Saharan Africa have no sewers or covered storm drains -or if they do, these only serve a small percentage of the population.
(18) Large sections of the urban population do not have a household waste collection service or street cleaning -which also explains why existing drains are so often blocked. They also lack access to public services, including health care, emergency services, policing/rule of law, and standard infrastructure − storm and surface drainage systems, paved roads and paths and street lighting. The incomes of these households are usually insufficient to invest in household resilience (healthier homes, life insurance, insurance for homes and possessions, savings, pensions, asset ownership). They rarely have access to government safety nets. In short, they have little resilience to any stress or shock. Simply an increase in the price of food staples, a drop in income when an income earner is injured or the purchase of medicine for a sick family member can upset a fragile equilibrium and quickly result in hunger and other needs being unmet. (19) In addition, there is so little institutional capacity -for instance, very small city budgets (with almost no investment capacity) and most buildings and land developments contravening plans and regulations. (20) There is also not much point in changing building standards and land use management practices to serve climate change adaptation if these are not applied. Much of the responsibility for building resilience in urban areas and reducing the deficits in risk-reducing infrastructure falls to local governments. Yet annual expenditure per person by local governments in most low-income nations is less than US$ 20, and sometimes even less than US$ 5 -compared to local governments in most high-income nations where annual expenditure per person is US$ 2,000−13,000.
(21) In most high-income countries, 10−40 per cent of government expenditure is spent by local governments. In most low-income nations, it is less than three per cent, and in many less than one per cent.
(22) So even though local governments may have comparable responsibilities, there are very large differences in the funding base available to them to fulfil these.
So how can city resilience be built in this context? And far more quickly than in today's high-income nations, while also recognizing the political complexities of doing so? Perhaps the most important lesson from high-income nations is the significance of citizen pressure and civil society organization within each nation and locality in obtaining the political, legislative and institutional changes that provide the basis for city resilience. This can include pressure from businesses that also 15. See reference 6, da Silva (2012) .
16. UN figures may suggest a lower figure but these are likely to be underestimates; see Mitlin, Diana and David Satterthwaite (2013) want risk-reducing infrastructure and want to avoid the disruptions that extreme weather events can bring -for instance to water, electricity supplies and the goods, services and labour force on which they rely.
In many of the world's cities, local governments may have responsibility for infrastructure and services, but either they lack the capacity or they choose not to meet their responsibility to those living in informal settlements. So here, citizens will have to address their needs for greater resilience themselves, individually or collectively, while also pressing government to provide the larger underpinnings of resilience. Household and community action can increase resilience but its effectiveness often depends on complementary action by government. Community action cannot build trunk infrastructure but it can install the community level improvements that such trunk infrastructure makes possible -local piped water supplies, sewer and drain networks or community toilets and washing facilities. (23) Resilience to climate change is often the result of low-income citizens getting responses to everyday needs. Upgrading programmes, where those who live in informal settlements get infrastructure and services along with the tenure that encourages investment in better quality housing, are often a key to resilience for low-income households despite the fact that such upgrading has rarely been justified as climate change adaptation. The same is true for the extension of health care, emergency services and the rule of law to these settlements and also more transparent and accountable local government -i.e. the very core of good development. Resilience to climate change thus depends in large part on effective political organization and receptive political systems with the capacity both to respond positively to citizen demands and to learn. Future changes in climate that affect hydrological and coastal systems means that these investments in housing and other infrastructure will also need to take into account the changing environmental surroundings, if they are not to be wasted. Because many technological solutions -such as houses built on foundations that can be raised, or that float -will be unaffordable by most city dwellers, there will need to be a better understanding of the costs and benefits of building in different locations and using different building technologies.
But if this is the case, it changes our perspective on how climate change adaptation and resilience are best supported in cities. It ties resilience to the quality of governance, especially local governance and the capacity of government institutions to work with those most at risk. It is useful here to consider two aspects of the experiences of organizations and federations of "slum"/shack dwellers that now exist in more than 30 nations.
(24) The first is how they self-organize to increase resilience through their own savings groups, which are the foundation of these federations. Most savings groups were set up by low-income women to manage risk and increase their resilience to shocks by having quick and easy access to loans when needed.
(25) These groups joined together to form federations, and through their collective capacities to build or improve their own homes and basic services. They also organized and undertook citywide surveys, enumerations and mapping that helped to assess who was most at risk.
(26) The second aspect is how they work to influence government and governance. They use what they do, what they build and what they document to show government their capacities and to seek partnership. When they work together with local government, it means a large increase The term "slum" usually has derogatory connotations and can suggest that a settlement needs replacement or can legitimate the eviction of its residents. However, it is a difficult term to avoid for at least three reasons. First, some networks or federations of neighbourhood organizations choose to identify themselves with a positive use of the term, partly to neutralize these negative connotations; one of the most successful is the National Slum Dwellers Federation in India. Second, the only global estimates for housing deficiencies, collected by the United Nations, are for what they term "slums". And third, in some nations, there are advantages for residents of informal settlements if their settlement is recognized officially as a "slum"; indeed, the residents may lobby to get their settlement classified as a "notified slum". Where the term is used in this journal, it refers to settlements characterized by at least some of the following features: a lack of formal recognition on the part of local government of the settlement and its residents; the absence of secure tenure for residents; inadequacies in provision for infrastructure and services; overcrowded and sub-standard dwellings; and location on land less than suitable for occupation. For a discussion of more precise ways to classify the in the scale and scope of what they can accomplish. (27) These federations know the limits of their own self-organization in addressing their needs. Because they cannot build much-needed citywide trunk infrastructure, they have to demonstrate to government agencies their capacities as potential partners.
The idea of resilience as "bouncing forward" is important here. It also draws on the concept of "building back better", which has influenced the disaster risk reduction community.
(28) Through successful partnerships between government and these grassroots organizations, homes and neighbourhoods have been built or improved that are far more resilient. (29) They can better withstand high winds or heavy rainfall and their residents have the capacity to bounce back. But just as important, these partnerships represent a living and learning institutional capacity for still greater resilience. The ambitious programme of support for grassroots initiatives throughout Asia led by the Asian Coalition for Community Action, for instance, not only supports community-determined initiatives but also helps create demand from those who are most at risk, most vulnerable and to date, most marginalized politically. It has provided small grants to allow more than 1,000 community organizations the possibility of designing and implementing their own priorities. It supports all community initiatives in a city to visit each other, learn from each other and consider their common issues on a citywide basis, drawing the attention of city governments to the possibilities for change, if they work together. (30) In high-income nations, the resilience of urban residents to extreme weather is achieved largely through what their governments do or enable to happen; this even extends to most low-income residents. But in lowincome nations and most middle-income nations, where low-income citizens are not reliably provided for by government, strengthening, protecting and adapting the assets and capabilities of individuals, households and communities is far more important than in high-income countries. This is partly because of the limits of what urban governments can do, especially in providing the necessary protective infrastructure and services to low-income populations. But it is also because of the unwillingness of many city or municipal governments to work with low-income groups, especially those living in informal settlements who are usually those most at risk from floods and storms. A focus on strengthening the asset base of low-income households can have a key role in helping them to withstand disasters. But it also strengthens their capacity to organize effectively, and so can contribute to building more competent, accountable local governments.
In conclusion, there is a need to consider resilience at three levels:
• Resilience as it applies to individuals/households: this includes the capacity and possibility to take action to avoid a climate change impact (live in a safe location, have a safe house, have risk-reducing infrastructure), to take action before it happens in order to reduce its impact, and to cope with the impact and either bounce back to the previous state or forward to a more resilient state. It also requires recognition that power relations within households may mean that decisions taken at the household level may not reflect the best ways to increase resilience for all members (men and women, the very young and the elderly). • Resilience as it applies to communities: community capacity to work collectively to avoid a climate change impact, to take action before it happens to reduce its impact, to cope with it when it occurs, to bounce back.
• Resilience as it applies to municipalities and cities and their governments: capacity to take measures to ensure households/communities/enterprises avoid a climate change impact, take action before it happens to reduce its impact, cope with it when it occurs, to bounce back (if key services are disrupted, get them up and running quickly, repair infrastructure...) and to bounce forward (doing all this with an eye to where and when risk levels increase or may increase). This also needs urban governments with the capacities and financial base to meet their responsibilities.
For metropolitan areas and many cities, this also means good coordination and collaboration between the different local governments that make up the city or metropolitan area. Resilience will also have to be built at each level to slow-onset changes (e.g. gradual changes in freshwater availability, gradual rises in temperature) and indirect impacts (stresses on agriculture that raise food prices and reduce availability).
Of course, the above also needs action at higher levels of government to provide a supportive legal, institutional and financial framework. To use another increasingly popular term, to ensure that multi-level governance works at all levels (especially at the local level). Both national governments and international agencies need to recognize how competent, adequately resourced city and municipal governments that can and do work with those most at risk are central to climate change resilience. After decades of development assistance where urban governments have been ignored, there are signs that this is being more widely recognized.
(31) But will it result in the needed structural changes in funding for climate change adaptation that really will serve to build resilience for low-income households, community processes and local governments? (32) If it did not make for such an impossible acronym, the UNFCCC might need to be renamed UNFCCCCCCC -the UN Framework Convention on Climate Change for Countries, Cities, Communities and Citizens -to constantly remind it of the different levels at which resilience must be enhanced and supported. 
